Study Design: Systematic literature review. Objective: To evaluate the diagnostic validity of manual examination techniques used to diagnose cervicogenic headache (CGH). Background: Cervicogenic headache is a specific type of headache that originates from the cervical spine and is typically chronic in nature. Diagnostic criteria for CGH have been established by the International Headache Society (IHS) and are cited extensively in the literature. Diagnosis of CGH through manual examination is a more recent practice. To our knowledge, no systematic review of manual diagnosis of CGH has been performed. Methods: Searches of electronic databases (CINAHL, Cochrane Library, Medline, PEDro, Scopus, and SPORTDiscus) were conducted for research studies from July 2003 to February 2014. The GRADE approach was used to determine the quality of each paper. Results: Twelve papers that fulfilled the inclusion and exclusion criteria were identified (12 observational studies). The level of evidence ranged from very low to low, and recommendations for use of specific manual techniques ranged from weak to strong. Conclusions: Despite low levels of evidence, manual examination of the cervical spine appears to aid the diagnostic process related to CGH and can be implemented by both experienced and inexperienced examiners.
Introduction
Cervicogenic headache (CGH) is a classification of headache in which pain is referred from the cervical spine. 1 This category of headache is typically chronic, presented as unilateral cephalgia, and is believed to be caused by musculoskeletal dysfunction of the neck. 2 The convergence of sensory fibers from the upper three cervical spinal nerves and trigeminal nerve at the trigeminocervical nucleus has been proposed to be the mechanism by which pain from the cervical spine is referred to the face and head. 1, 2 It has also been suggested that the spinal accessory nerve is involved in this mechanism of pain referral, as spinal accessory nerve fibers join with the upper cervical nerve roots before they reach the descending tract of the trigeminal nerve. 1 Cervicogenic headache is a common form of headache, which is estimated to affect 2.5% of the general population and 17.8% of people who suffer from frequent headache. 3 Middle-aged patients and particularly women are more likely to have CGH. 3 Common clinical characteristics of CGH include unilateral headache without signs of side shift (pain consistently on the same side of the head); pain that is exacerbated with neck movements or abnormal postures; pain produced with pressure applied over the supero-posterior ipsilateral neck; ipsilateral neck, shoulder, or arm pain; and restricted cervical spine range of motion (ROM). 4 Cervicogenic headaches are typically identified through clinical or interventional diagnosis. 5 Clinical diagnosis involves the classification of headache using specific criteria developed by the International Headache Society (IHS) that are based on history, temporal pattern, and aggravating features of the headache. 6 Interventional diagnosis utilizes pharmaceuticals to establish a cervical source of pain. 5 Fluoroscopic guidance is used to administer controlled nerve blocks into cervical joints. 5 Complete relief of headache following nerve block supports a cervical source of pain. 5 Manual examination also assists in making a clinical diagnosis. Manual examination of the upper cervical joints typically involves assessment of cervical ROM to determine the mobility of the cervical spine. Individuals with CGH have been found to exhibit painful dysfunction of the upper three cervical segments. 6 Common clinical diagnostic techniques used include the flexion-rotation test (FRT), [7] [8] [9] [10] [11] [12] cervical AROM, 6, 9, [13] [14] [15] [16] passive accessory intervertebral movement (PAIM/PAIVM), 12, 17 passive physiological intervertebral movement (PPIM/PPIVM), 12, 17 cervical muscle strength, [13] [14] [15] [16] cross-sectional area (CSA) measurements of cervical extensor muscles, 13, 14 cranio-cervical flexion test (CCFT), 6, 13, 14, 16 palpation for trigger points, 15 pain pressure threshold, 6 and cervical kinesthetic sense/joint position sense. 6, 13, 14, 16 A review of the literature showed that the FRT is frequently used in making the diagnosis of CGH.
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The FRT is a manual examination technique with high sensitivity and specificity. 7, 8, 10, 12 It is performed with the patient in supine by passively taking the cervical spine into full flexion. End-range cervical flexion imparts ligamentous tension that impedes movement at vertebral segments below C2. 7 Maintaining the flexion position, the patient's head is then rotated to each side until the patient reports pain or the operator determines that end of motion has been achieved. It is then determined if a restriction in ROM is present. 12 In cases of CGH, the FRT usually reveals a unilateral ROM restriction on the symptomatic side. 7 This test is considered positive if the estimated ROM was reduced by more than 10u from the anticipated normal range of 44u. 9 Magnetic resonance imaging (MRI) conducted simultaneously with the FRT has revealed that, in vivo, movement occurs primarily at the C1/C2 level. 8 The aim of the FRT is to bias the C1/C2 segment to determine if a pathology is present, as this cervical level has been suggested to be the primary segment involved in patients with CGH. 17 Hall and Robinson   9 concluded that C1/C2 was the primary symptomatic segment in all patients with a positive FRT. Similarly, a study by Hall et al. 17 identified C1/C2 as the most common symptomatic segment in 63% of patients with CGH. The diagnostic criteria used to classify headaches of various origins have symptom overlap between headache types. 6 Consequently, distinguishing CGH from other headache types may be challenging. Also, symptoms of CGH may be overshadowed by symptoms from migraine or tension-type headaches. Therefore, patients with CGH combined with another form of headache may not be receiving treatment, such as manual therapy, that would address their CGH symptoms. 6 This makes it imperative that screening for CGH be conducted in all patients with headache. However, there is a dearth of information regarding the physical examination in diagnosing CGH. Therefore, the purpose of this systematic review of the literature was to examine the clinical utility of manual examination techniques in the diagnosis of CGH and to identify areas of future research.
Methods
The PRISMA 2009 checklist was used to assure that all relevant elements of a systematic literature review were included. 18 
Search strategy
A literature search was performed to identify all research studies that addressed the diagnosis of CGH. The CINAHL, Cochrane Library, Medline, PEDro, Scopus, and SPORTDiscus databases were searched using the following key terms and phrases: cervicogenic headache, cervical headache, diagnosis, manual examination, and physical examination. Intra-group terms were combined using the search term 'OR' while inter-group terms were combined using 'AND' (Fig. 1 ). Search results from the different databases were stored and organized using RefWorks. 19 
Selection criteria
Searches were limited using specific inclusion and exclusion criteria. Studies were included in this systematic literature review if they were published in the English language between July 2003 and February 2014, included patients age 18 and over, a main focus of the article was CGH, and the study evaluated physical examination. Publications were excluded if they included patients with cancer or those who had had surgical interventions of the head, neck, or thoracic spine. In addition, articles were excluded if the primary focus of the paper was injection, diagnostic imaging, or the use of pharmaceuticals.
Article assessment
In order to determine the quality of the articles, the six authors met to discuss and evaluate each article individually. At group meetings, each paper was assessed using the grades of recommendation, assessment, development, and evaluation (GRADE) approach. [20] [21] [22] [23] This method of grading the quality and strength of articles provides an inclusive approach for evaluating and developing clinical recommendations for using diagnostic tests. If disagreements or inconsistencies existed between reviewers regarding the grading, they were discussed and a consensus was reached.
Results
The initial search of the six databases generated a total of 1,069 articles. Nine hundred and 55 remained after duplicates were removed (Fig. 2) . The titles and abstracts of these remaining articles were reviewed based on inclusion and exclusion criteria, and 943 articles were removed. Twelve articles on the diagnosis of CGH remained for inclusion in this systematic review. The 12 papers selected for discussion in this systematic review were all observational studies. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Evidence to support the various diagnostic tools ranged from low to very low quality. Recommendations for use of a particular diagnostic tool ranged from strong to weak. No disagreements or inconsistencies among reviewers arose during the grading process of the papers. Individual grades and relevant assessment criteria are presented in Table 1 . In all of the articles, recruited patients were diagnosed with CGH according to the IHS criteria. A summary of the combined patient characteristics and methods of manual diagnosis can be found in Table 2 .
Flexion-rotation test
Six of the 12 articles examined the use of the FRT as a diagnostic tool for CGH. [7] [8] [9] [10] [11] [12] Hall and Robinson 9 found no statistically significant difference in active cervical ROM between the CGH group and asymptomatic controls. However, there was a significant difference in FRT measurements with a greater restriction in rotation toward the symptomatic side in the CGH group. The FRT was positive in all patients with C1/C2 as the primary symptomatic segment and negative in patients with a symptomatic segment other than C1/C2 and in asymptomatic controls.
Hall et al. 8, 10 examined the interrater reliability between experienced and inexperienced examiners. In Hall et al., 10 when the FRT was performed by two experienced examiners, it had a diagnostic accuracy of 89%, sensitivity of 90%, and specificity of 88% in determining the presence of CGH with C1/C2 as the dysfunctional level (positive likelihood ratios of 9 and 6, negative likelihood ratios of 0.11 and 0.12). While the two inexperienced examiners recorded larger ranges of motion, there was no significant difference between their findings compared to the two experienced examiners (sensitivity 83%, specificity 88%, positive likelihood ratios of 10 and 5, negative likelihood ratios of 0.18 and 0.2). Hall et al. 8 found that the FRT was 90% accurate (sensitivity 75%, specificity 92%) when experienced and inexperienced raters compared patients with CGH to those with lower cervical facet pain (CFP). The mean difference in ROM between the two groups was 11.5u less in the CGH group. Hall et al. 7 found a positive FRT in 78% of patients from the CGH group and 15% of patients from the asymptomatic group, giving a sensitivity and specificity of 78 and 85%, respectively. Researchers found a statistically significant association between headache severity and ROM toward the more restricted side, with duration, frequency, and intensity being the most significant predictors of ROM. The presence of a headache did not affect the interpretation of a positive or negative test; however, range was reduced by 5.9u toward the side of the headache in patients who were symptomatic at the time of examination. Ogince et al. 12 found that patients with CGH had a side-to-side cervical rotation differential of 19u (P,0.001) compared to patients having migraine with aura and asymptomatic patients. The FRT was found to have good clinical utility (sensitivity 91%, specificity 90%, diagnostic accuracy 91%). It was also found that severity of CGH was not related to loss of ROM. Hall et al. 11 found that 85% of the time CGH was correctly differentiated from other headache types (sensitivity 70%, specificity 70%, positive likelihood ratio 2.33, negative likelihood ratio 0.43).
Passive accessory and physiological movements
Hall et al. 17 and Ogince et al. 12 used unilateral PAIM/ PAIVM and PPIM/PPIVM to determine the frequency that each or multiple segments in the upper cervical spine above the C4 vertebra were the principal source of pain in patients with CGH. The authors found the dominant symptomatic segments to be C1/C2 and C2/C3. Substantial interrater reliability, as defined by Landis and Koch, 24 was found with manual examination techniques. 
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Hall et al. and 90%, respectively (P,0.001); 32u was the cut-off score for a positive CFRT. Subjects included patients with C1/C2 CGH, migraine with aura, and asymptomatic controls. ROM for FRT determined by firm end feel.
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Hall et al. extensors, regardless of headache type. However, the frequency of tightness was greater in patients with CGH. Huber et al. 15 found decreases in all cervical movements in patients with CGH, with the most limited being flexion. Trigger points were also investigated and were found to be predominant in the trapezius muscle of the ipsilateral side. The number of trigger points was highly correlated with intensity of headache (P50.001) for all patients with CGH. Due to a higher prevalence of elders with cervical musculoskeletal dysfunction (CMD), Uthaikhup et al. 16 investigated the relationship between CMD and CGH. Patients were grouped into two clusters. One cluster included patients with less cervical extension ROM and greater occurrence of C1/C2 joint dysfunction. It was later determined that this cluster contained the majority of patients with CGH. Although this cluster had a higher incidence of CMD, it was not found to be unique to patients with CGH.
Discussion
The purpose of this systematic literature review was to examine the clinical utility of manual diagnostic tools for CGH. To our knowledge, this review is the first of its kind to assess this topic. The evidence presented in this review included 12 papers that performed the FRT and other manual examination techniques. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] While only observational studies were included in this review, their results suggest that clinicians may utilize various manual techniques to assist in the diagnosis of CGH. Six articles [7] [8] [9] [10] [11] [12] discussed in this review utilized the FRT as the primary diagnostic tool for CGH. When looking at studies on CGH, the FRT was a common test used for differential diagnosis and evaluation of headaches. However, it is essential that the FRT be performed correctly. If the FRT is executed properly it is less likely to engage the lower cervical spine. Consequently, it is important to achieve end-range cervical flexion in order to bias the C1/C2 segments prior to performing the upper cervical rotation component. If end-range flexion is not achieved, the test may engage the lower cervical spine possibly resulting in a false negative test. Magnetic resonance imaging has confirmed that the lower cervical spine's available ROM is taken up fully during end-range flexion, which isolates the rotation of the head during the FRT to the C1/C2 segment. 8 In the studies reviewed, the majority found that passive ROM during the FRT was significantly less predominant in the trapezius muscle of the side ipsilateral to the headache. [7] [8] [9] [10] The usefulness, sensitivity, and specificity of the FRT did not seem to be affected in patients who had a headache at the time measurements were taken. 7, 8 However, Hall et al. 11 felt that the presence of headache was relevant and only tested patients on headache free days. It is important to note that a lower diagnostic accuracy was found when differentiating CGH from migraine without aura and multiple headache forms (MHF). Hall et al. 11 stated that a negative FRT test does not rule out CGH as other cervical segments besides the upper cervical spine may produce headache. Also there is conflicting evidence on the value of active cervical range of motion in making the diagnosis of CGH. In some studies, active range of motion was limited in patients with CGH. 6, [13] [14] [15] [16] Extension was limited in four of the studies, 6, 13, 14, 16 flexion in two studies, 6, 15 and rotation in two studies. 13, 16 However, Hall et al. 9 concluded that there was no difference in active cervical ROM in patients with CGH compared to those who were asymptomatic. Consequently, it is unclear whether active cervical ROM is consistently restricted in patients with CGH. Compensatory movement at various spinal levels may affect the test. In addition to observing AROM in considering the diagnosis of CGH, several studies [12] [13] [14] 17 discussed the importance of manual examination in identifying the dominant symptomatic segment involved in CGH. PAIM and PPIM manual examination techniques have been found to have substantial interrater reliability between examiners. 17 Researchers have also found that the majority of patients with CGH had C1/C2 as the primary dysfunctional level, which is the targeted level in the FRT. As stated in Hall et al., 17 it is unclear as to why the C1/C2 segment is the most frequently symptomatic segment. One possible explanation is that the increased rotation available at the C1/C2 segment compared to the remaining cervical spine makes it more likely to produce CGH than the rest of the cervical spine. 9, 17 However, Jull et al. 13 found that patients with CGH had joint dysfunction from C0-C4. Given this finding, it appears possible that the FRT may not be helpful in identifying all patients with CGH. Another consideration is the relationship between degenerative joint disease and CGH. Degenerative joint disease may not play a major role in CGH, because cervical degeneration occurs more commonly in lower cervical segments compared with upper cervical segments. 17 Therefore, it is unlikely that osteoarthritis is a major contributing factor to CGH. Furthermore, some patients with CGH are younger adults, reducing the possibility of osteoarthritis as a cause of CGH. 25 Uthaikhup et al. 16 supported this contention when they found that despite the prevalence of CMD in the elderly population, it is not unique to patients with CGH.
In discussing the anatomical factors that potentially contribute to CGH, it is important to direct attention not only to C1/C2, but to the inferior cervical segments as well as soft tissue structures surrounding the cervical spine. Despite the prevalence of C1/C2 segmental dysfunction in CGH, there is evidence that patients with CGH may also have dysfunction in the form of trigger points. 6 Zito et al. 6 examined pressure pain thresholds (PPTs) in patients with CGH and patients with migraine with aura and found that both headache groups had a significantly lower PPT over the transverse process of C4. Because of similar findings in the migraine group, this finding may not be specific to CGH. However, it does suggest the possibility that trigger points are a contributing factor in CGH. For example, Huber et al. 15 found an increased incidence of trigger points in the trapezius on the side ipsilateral to the headache in patients with CGH. The demographics of patients included in this review can be found in Table 2 . Researchers recruited patients included in the 12 studies by a matter of convenience and placed them in groups based on the IHS criteria. The majority of patients included in the reviewed studies were middle-aged females. Due to the large number of females included in these studies, the generalizability of the results to males with CGH may be limited because none of the studies differentiated the statistics between females and males in the studies.
When considering the FRT data, it is important to note that patients who could not tolerate the FRT were excluded from all of the six studies discussing the FRT. [7] [8] [9] [10] [11] [12] None of the studies reported how many patients were lost due to intolerance to the test. This may be problematic because the patients excluded from the studies potentially could have had a positive FRT as pain is one of the criteria for a positive test. In addition, studies involving the presence of upper limb symptoms were excluded from our search in an attempt to eliminate the effects of cervical directional preference and disorders, such as cervical radiculopathy. One paper 8 did include patients with upper limb symptoms; however, this was not addressed in their outcomes. As a particular point of interest, all of the studies included in this systematic review discussed the high interrater reliability of both the FRT and manual examination in the diagnosis of CGH. All of the studies that included analysis of the sensitivity (70-91%) and specificity (70-92%) of the FRT found it able to accurately identify the presence or absence of CGH. 7, 8, [10] [11] [12] The range of positive likelihood ratios for the FRT was 2.33-10.65 and the range of negative likelihood ratios was 0.095-0.43. 7, 8, [10] [11] [12] Overall, the diagnostic accuracy of the FRT was found to be between 89 and 90%, 8, 10 which makes the FRT a valuable test for inclusion in assessments. Also, in two articles, researchers found that the examiner's level of experience did not affect the results of the FRT. 8, 10 Despite the larger ranges recorded by inexperienced examiners, the sensitivity, specificity, and inter-examiner agreement of positive test identification were relatively high. These two studies showed that the FRT can be confidently utilized and interpreted by all examiners regardless of their level of experience. Areas for future research include further investigation of patient position during the FRT. A previous study performed the FRT with patients in the seated position; however, researchers found the mean normal passive ROM of C1/C2 to be 38u in asymptomatic patients, which is lower than the normal 44u. 26 Healthcare professionals may find it more efficient to perform the FRT in a seated position. Therefore, studies could examine the impact of administering the FRT in a seated position versus supine on patients with and without CGH. Also, further studies should address the diagnosis of CGH when C1/C2 is not the primary symptomatic segment.
Patients with CGH may have pain arising from a mid or lower cervical level, potentially resulting in a negative FRT. 17 Another area for research could explore the extent to which gender impacts the results of the FRT, as this was not analyzed in the 12 articles.
Limitations
This review was limited to articles in English and published from July 2003 to February 2014. Additionally, it was required that all patients be at least 18 years of age. Articles may have been missed secondary to these search criteria. Also this literature search only yielded observational studies, which are generally considered to be low levels of evidence. [20] [21] [22] [23] Additionally, in one of the 12 studies included, 9 the exact methodology was unclear, rendering the results questionable. Another consideration was the inconsistency of how end range was determined in the FRT. Some studies used firm end range or pain provocation [7] [8] [9] 11 while others used only a firm end range to determine FRT ROM.
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Conclusions
This systematic literature review revealed low levels of evidence using the GRADE system in assessing papers discussing manual examination of CGH. These low levels were based on the fact that the included studies were all observational. Despite the low level of evidence, many of the manual examination techniques used for the diagnosis of CGH appear to be helpful in the diagnostic process. For example, the FRT is simple to perform and has good sensitivity and specificity. There is also evidence to suggest that passive cervical joint mobilizations to determine the primary symptomatic segment may provide useful information, as the findings correlate well with the FRT.
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